APEC adopted, then subsequently revised, an energy intensity reduction goal. This is a case study of APEC's use of energy intensity as a policy objective. Energy intensity is declining more rapidly than many policymakers realized. The definition of energy intensity adopted can dramatically change the incentives. Currency conversion methodologies can dramatically change the calculations. a r t i c l e i n f o 
Introduction
Energy intensity (energy demand per unit of economic output) is one of the most popular indicators of aggregate energy efficiency in energy policy discussions (Schipper and Haas, 1997 ). Yet its application in real-world policymaking can be surprisingly problematical. This was demonstrated by the recent experience of the APEC community, which adopted, then subsequently revised, an APEC region-wide energy intensity improvement goal. This paper presents a case study of that experience focused on three key "lessons learned", which should be taken into account by any policymaker considering using energy intensity as a policy objective.
These lessons learned will come as no surprise to those steeped in the literature of energy economics, and they are certainly not original findings. However, none of them have received the recognition they deserve in the literature, and consequently, they came as a surprise to many of those involved in APEC's policy discussions. The role of this paper is to highlight their importance by showing their impact on a real world policy decision. Consequently, this paper may provide useful guidance to any other governments or organizations considering the use of energy intensity as a policy objective.
Lesson #2-It is difficult to find a definition of energy intensity that can make it suitable for use as an indicator of regional energy efficiency. Lesson #3-Whether the GDP's of individual economies are converted to a common currency using market exchange rates or purchasing power parity (PPP) can dramatically change regional energy intensity improvement calculations.
The most directly relevant previous literature to this paper is Suehiro (2008) , who has provided a discussion of some of the general properties of energy intensity as an indicator, focusing especially on the choice of market exchange rates vs. purchasing power parity (PPP), which we will highlight here as Lesson #3. However, the existing literature on the properties of energy intensity is heavily focused on building models to decompose energy intensity improvement into various explanatory factors. Two papers with good reviews of this literature are Wing (2008) and Ma and Stern (2008) .
Also relevant to this paper is the literature on a related indicator, greenhouse gas emissions intensity (emissions per unit of economic output), which appears to be more abundant (see, for example Pizer, 2005; Herzog et al., 2006; Wing et al., 2006) . Some of the properties of emissions intensity also apply to energy intensity. Similar to this paper's Lesson #1, this literature finds that there is a tendency for emissions intensity to decline over time with improvements in economic productivity and shifts away from energy-intensive industry. However, a significant caveat is that emission intensities can decline even as emissions rise. This literature also points out that improving emissions intensity is attractive to policymakers as a policy goal because, unlike an absolute emissions goal, emissions under an intensity goal can vary with economic activity. An emissions intensity goal is therefore less likely to be perceived as limiting growth, an especially critical property for developing economies. An energy intensity improvement goal would have this same attractive feature for policymakers.
Background on APEC's energy intensity goal
Asia-Pacific Economic Cooperation or APEC is a multi-lateral organization of 21 Pacific Rim economies whose primary mission is to "to support sustainable economic growth and prosperity in the Asia-Pacific region" (APEC, 2013A). APEC member economies have a combined population of about 2.7 billion people and account for about 54% of world GDP (APEC, 2010A, p.2). Unlike some multi-lateral organizations, APEC operates on an entirely voluntary basis-there are no binding commitments and no penalties for non-compliance. Compliance is achieved through "mutual discussion and mutual support in the form of economic and technical cooperation" (APEC, 2010A, p.2). Because APEC is privileged to have the People's Republic of China, Chinese Taipei, and Hong Kong, China as members, APEC refers to its members as 'economies' rather than 'countries'.
APEC promotes regional cooperation in a wide variety of areas related to economics and trade, including energy. One of APEC's key energy initiatives has been an APEC-wide regional goal for energy intensity reduction. This goal was first agreed to at the APEC Leaders' Meeting in Sydney, Australia in September 2007. The annual APEC Leaders' meetings bring together the Presidents, Prime Ministers, or other political leaders of each of the APEC economies. In their Sydney APEC Leaders' Declaration on Climate Change, Energy Security and Clean Development, the Leaders announced that they would highlight the importance of improving energy efficiency by working towards achieving an APEC-wide regional aspirational goal of a reduction in energy intensity of at least 25% by 2030 (with 2005 as the base year) (APEC, 2007B) .
However, at their subsequent meeting in Honolulu in November, 2011 , the Leaders adopted a more ambitious goal "to reduce APEC's aggregate energy intensity by 45% by 2035" (APEC, 2011) .
Between these two events, there was extended discussion within the APEC community, focusing especially on APEC's Energy Working Group (EWG), as to whether the goal should be revised and, if so, what the revised goal should be. It is this discussion that is the focus of this paper. The author's organization, the Asia Pacific Energy Research Centre (APERC), had the privilege of providing much of the analysis that supported this discussion. APERC is an independent research institute, generously sponsored by the Japanese government, which supports the energy-related activities of APEC through both research and cooperative efforts to promote energy efficiency and low-carbon energy supply. However, this is not surprising as discussions of upcoming Leader's Declarations would usually be done off-the-record. The Summary Records of APEC EWG Meetings for this time period also reveal no discussion of the intensity goal.
1 So where did this goal come from? According to James Connaughton, who was Chairman of the White House Office of Environmental Policy in 2007, the goal was originally promoted by Australia. The Australian government needed to show that they were doing something meaningful to reduce emissions going into the upcoming election. The United States went along with it because it was something they could live with; in particular, the Bush Administration had set a goal of improving US energy intensity 18% between 2002 and 2012, and the 25% goal was consistent with this rate of improvement projected out to 2030. China also had an intensity improvement goal in their five year plan [specifically, the goal in the 11th Five Year Plan was to improve energy intensity by 20% between 2006 20% between and 2010 20% between (Price et al., 2011 , and the proposed APEC goal was also consistent that goal (Connaughton, 2012) .
It should be explained that each year one APEC economy plays host to the most senior APEC events including the annual Leaders' Meeting, Ministerial Meetings, Senior Officials Meetings and a number of other events. As the host economy, that economy nominates a Chair to preside over these meetings (APEC, 2013B Australia proposed the energy intensity target with a good understanding of the pros and limitations of such a target, and there was discussion with various member economies on the sorts of issues you discuss in your paper. The actual number was backed up by APERC research at the time. APEC economies including Australia were not inclined to focussing on emissions targets which were under multilateral negotiation in the UNFCCC. Economies agreed on the utility of focussing on energy intensity, given the high energy using economies in APEC and the focus on supporting ongoing economic growth in the region. As you note, economies opposed to emission targets such as US and China already had internal energy intensity targets, so this was an area in which we thought the profile and peer pressure could be raised by elevating it to a regional leaders level issue, without interfering in the multilateral process of the UN. We envisaged that there would be ongoing attention to these issues in the APEC work program through [the APEC] EWG.
So from a process point of view, the declaration was negotiated mainly by representatives of APEC economies with responsibility for climate change negotiations, such as Jim Connaughton and Harlan Watson from the US. It was done in conjunction with representatives from energy ministries and [the APEC] EWG but not as an initiative of theirs (Adams, 2012) . 
Lessons learned
The EWG's post-Sydney discussions centered on three significant topics, each of which became a focus of the discussion, at least for a time. Each topic suggests a "lesson learned". This section discusses the three topics and the lessons learned in the chronological sequence in which they arose. Consistent with APERC's earlier Energy Demand and Supply Outlook 2006, these projections indicated that, assuming energy intensity is defined as primary energy supply per US dollar of GDP at purchasing power parity, the Sydney Declaration goal could be easily be met under business-as-usual assumptions. By 2030, the projections indicated that APEC region primary energy supply will increase by about 45% compared to 2005, while GDP will increase by about 235%. As shown in Fig. 1 below, the net impact will be a decrease in energy intensity of about 38%. While it may be good news that energy intensity improvement appears to be happening so quickly, the Outlook 4th Edition also had some bad news: even with this improvement in energy intensity, over the 2005-2030 time period, APEC's oil imports from outside the APEC region were likely to grow by about 70%, while CO 2 emissions from fuel combustion were likely to grow by about 40%. Hence, the business-as-usual outlook raises serious concerns regarding both energy security and environmental sustainability.
Of course, there was skepticism at first both inside and outside APERC as to whether these projections were really reasonable. Therefore, APERC undertook further analysis focusing on APEC's energy intensity goal, finally published in August 2010 under the title Pathways to Energy Sustainability; Measuring APEC Progress in Promoting Economic Growth, Energy Security, and Environmental Protection (APERC, 2010).
The Pathways report presented three types of additional evidence which suggested that the conclusions of the Outlook 4th Edition were reasonable. It should be noted that energy intensity can be measured in at least two ways: primary energy intensity is primary energy (raw fuels before conversion to electricity or refining of crude oil) divided by GDP; final energy intensity is final energy (energy in the form it is finally used) divided by GDP. The APEC Leaders did not specify which measure they had in mind, so the Pathways Report considered both.
1. The energy intensity of the APEC region has historically declined at a rate exceeding 25% over the 25 years prior to 2005. Between 1980 and 2005, the primary energy intensity of the region excluding Russia and Viet Nam (for which comparable data are unavailable prior to 1990) declined by 31% (1.5% per year). Over the same period, the final energy intensity of the region declined by 39% (1.9% per year). From 1990 to 2005, when data for all APEC economies is available, the primary energy intensity of the region declined by 20%. Final energy intensity 2 More specifically, APERC estimated simple least-squares regression models of final demand for each of 10 sub-sectors (iron and steel, chemicals, other industries, road transport, other transport, agriculture, household, commercial, non-specified other, and non-energy) for each of four fuel types (coal, petroleum products, natural gas, and electricity) for each economy. The models were driven by projections of macro-economic variables including GDP, population, crude oil prices, industrial value-added, and automobile ownership, which were obtained from a variety of published sources for each economy. Demands for each type of primary energy for electricity generation were based on data on the existing generation fleet by primary energy type, including capacity, transformation efficiencies, and utilization, combined with APERC's assessment of likely future generation fleet additions and retirements by 2030 based on published studies for each economy. Hence, there are three independent modeling efforts that have arrived as essentially the same conclusion about APEC's projected business-as-usual intensity reduction.
It should be emphasized that these findings are not unique to the APEC region. The IPCC's Fourth Assessment Report, Working Group 3: Mitigation of Climate Change found that energy intensity globally declined by 1.2% per year between 1970 and 2004 (Fisher et al., 2007 , Section 1.3.1.2), a 33% decline in 25 years (IPCC, 2007, Section SPM B) . Nakicenovic (1997) concluded that the historical rate of decrease in energy intensity appears to have averaged about 1% per year since the mid-nineteenth century and about 2% per year in some countries since the 1970s, with large and persistent variations between countries.
Looking ahead, the IPCC's Fourth Assessment Report, Working Group 3 analysis of 286 'non-intervention' scenarios to the year 2100 from the literature found that in all scenarios, energy intensity improves significantly across the century, with a mean annual intensity improvement of 1%. The 90% range of the annual average intensity improvement is between 0.5% and 1.9%, which they note is fairly consistent with the historical variation (Fisher et al., 2007 , Section 3.2.1.5). It should be noted that many of these scenarios compared GDP values across countries using market exchange rates (Fisher et al., 2007 , Section 3.2.1.4). As discussed under Lesson #3 below, they may thus understate the actual improvement in energy intensity.
The Pathways report also outlined an example of how a more sustainable scenario for energy development in the APEC region could be achieved. The scenario shows how the energy sector in the APEC region could contribute towards limiting global warming to 2 1C by limiting greenhouse gas concentrations in the atmosphere to 450 PPM of CO 2 -equivalent. This scenario would require a roughly 50% improvement in primary energy intensity by 2030, along with other measures to promote non-fossil energy as well as carbon capture and storage. 6 An early draft of the Pathways report was published on the website of the APEC Energy Ministers meeting in Fukui, Japan, prior to the meeting in June 2010. At that meeting, the Ministers decided that a reconsideration of the 25% goal was needed. In their Fukui Declaration, the Energy Ministers directed the EWG to: 
Lesson #2-It is difficult to find a definition of energy intensity that can make it suitable for use as an indicator of regional energy efficiency
The Ministers directed the EWG to reassess the goal, but what should the new goal be and exactly how should it be measured? Measurement turned out to be a surprising difficult question. As noted above, there are two commonly-used measures of economywide energy demand: primary energy and final energy. The two differ by the losses in energy transformation processes, especially electricity generation and refineries, which are included in primary energy but not included in final demand.
As noted above, the Sydney Declaration did not specify what measure of energy demand was to be used to calculate energy intensity. Nor does there appear to be any standard set by the International Energy Agency (IEA). The IEA's World Energy Outlook 2012 (IEA, 2012, see, for example, Fig. 2 .4) discusses intensity based on primary energy. However, another IEA publication specifically devoted to the topic of energy indicators focuses throughout on energy intensity calculated using final energy (IEA, 2008, see, for example, p. 15) . It is natural to assume that primary energy is the best measure to use for calculating energy intensity improvement, since it is the broader measure that can reflect improvements in electricity generation and refinery efficiency, as well as end-use efficiency. However, since various types of electricity generation have different levels of conversion efficiency, changing the mix of electricity generation can change the apparent overall efficiency of electricity generation (Percebois, 1979) , and such changes do not always align with the ultimate objectives of the APEC energy intensity goal.
This message was clearly driven home to the author several months after the Fukui Declaration in a discussion with an energy policy analyst from Hong Kong, China. The analyst explained that Hong Kong was considering a proposal to build a nuclear power plant. He explained that Hong Kong, as a member of APEC, wanted to help APEC meet its energy intensity improvement goal, but when they did the calculations for the impact of the nuclear power plant, they showed that it would make Hong Kong's energy intensity increase, that is get worse. This did not seem right to him, since the nuclear plant would reduce Hong Kong's greenhouse gas emissions and reduce Hong Kong's dependence on imported fossil fuels, both goals that the APEC Leaders presumably wished to encourage with their energy intensity improvement goal. He asked me if his calculations were correct.
The answer is that his calculations are indeed correct, at least if primary energy is used to calculate energy intensity and primary energy is calculated using the 'physical energy content' methodology employed by the International Energy Agency and Eurostat (IEA et al., 2004) . There are actually at least three methodologies used in the literature to calculate primary energy (Moomaw et al., 2011, Section A.II.4; Macknick, 2009 ). All of them agree that, for fossil fuel generation plants, primary energy is the fuel burned, and the efficiency of the plant is the electrical energy output divided by the fuel energy input. However, for a nuclear plant, the definition of 'efficiency' is not so obvious, since the heating value of the nuclear fuel cannot be clearly established. In the IEA/ Eurostat methodology, primary energy for a nuclear plant is defined to be the energy content of the steam leaving the reactor for the turbine, implying that the efficiency of the plant is the electrical energy output divided by the steam energy input (see IEA et al. 2004, p.22) .
Using this methodology, the efficiency of a nuclear plant is typically relatively low. In 2009, the worldwide average efficiency of nuclear plants was about 33%.
7 Since many countries do not even keep statistics on the energy content of the steam produced in nuclear plants, the IEA/Eurostat methodology for estimating it in these cases is to impute it from the electricity output at an assumed efficiency rate of 33% (IEA et al., 2004, p. 138) . For geothermal plants, the principle under the IEA/Eurostat methodology is the same: the energy in the geothermal steam is the primary energy and the electricity produced is the final energy. However, for geothermal plants, because of the relatively low temperature of most geothermal steam, the worldwide average efficiency turns out to be an even more dismal 11%.
8 Again, since many countries do not keep statistics on the energy content of the geothermal steam produced, the standard approach for estimating it in these cases is to impute it from the electricity output at an assumed efficiency rate of 10% (IEA et al., 2004, p. 138) .
Fossil fuel plant efficiencies are typically much higher-the worldwide averages were 36% for coal plants and 49% for natural gas plants in 2009. 9 Hence, when an economy converts from fossil fuel to nuclear or geothermal electricity generation, their generation efficiency under the IEA/Eurostat methodology will decrease and their primary energy intensity will increase (get worse). Note that this anomalous result does not apply to non-thermal types of renewable energies that are converted directly to electricity without the intermediate step of producing steam or heat, such as hydro, wind, and solar photovoltaics. For non-thermal renewables, the primary energy input under the IEA/Eurostat methodology is defined to be the same as the electricity output, effectively counting them as 100% efficient (IEA et al., 2004, pp. 118 and 137) . Since one might assume that low-carbon, non-fossil electricity generation, such as nuclear and geothermal, is something that the APEC Leaders would be seeking to promote, or at least not to discourage, it is apparent that using primary energy to measure energy intensity, at least following the IEA/Eurostat methodology, does not align with their ultimate objectives. As noted above, there are at least two alternatives to the IEA/ Eurostat 'physical energy content' methodology used in the literature to measure primary energy (Moomaw et al., 2011 , Section A.II.4) from non-fossil sources. First, BP (2011, p, 44) uses the 'substitution method', which counts the primary energy used to produce nuclear and renewable electricity as if they had been produced from fossil fuels. Specifically, a 38% conversion efficiency is assumed for all nuclear and renewable electricity. The United States Energy Information Administration applies a similar methodology to electricity from hydro, geothermal, solar thermal/ photovoltaic, and wind, currently assuming a conversion efficiency of 35%, but follows a methodology more similar IEA/Eurostat for nuclear 10 .
Second, UN Statistics (2012) use the 'direct equivalent method', which simply counts one unit of electricity generated from nuclear or renewables other than biomass as one unit of primary energy, effectively assuming generation from these renewables to be 100% efficient. The 'direct equivalent method' has also been used in various IPCC reports (Moomaw et al., 2011, Section A.II.4) .
The EWG did consider using the 'direct equivalent' methodology to measure energy intensity improvement, which would have avoided the anomalous effects of increased nuclear and geothermal generation on primary energy intensity discussed above. The main argument for this methodology was that fossil fuel plant losses result in greenhouse gas emissions and fossil energy imports, while nuclear and geothermal losses are more benign and should be ignored in calculating energy intensity. This methodology would also standardize the treatment of most nonfossil energy, since nuclear and geothermal generation would effectively be counted as 100% efficient just like hydro, wind, and solar photovoltaics. However, within the EWG there were objections that this methodology was not commonly used in policy analysis, and would therefore be confusing to policymakers. Also, some EWG members felt that this definition would cause the Table A6 ).
R.D. Samuelson / Energy Policy ∎ (∎∎∎∎) ∎∎∎-∎∎∎
APEC energy intensity reduction goal to look a bit too much like an emission intensity reduction goal, an alternative the APEC Leaders had already rejected. An alternative to using primary energy to measure the APEC energy intensity goal would be to use final energy. This approach would give a clear measure of end-user energy efficiency, which is the focus of energy efficiency improvement efforts in many economies. However, it would not reflect any improvements an economy makes in the efficiency of its electricity generation, which in many economies represents a major opportunity to improve energy efficiency.
Fortunately, all of the analysis of projected energy intensity improvement indicated that it made little difference whether one used primary energy or final energy to calculate energy intensity-for any given set of assumptions, the projected APEC-wide improvement always seemed to work out about the same either way (Samuelson, 2011) . So, from the perspective of setting a numerical goal, the measure selected did not matter that much in the end. Perhaps for this reason, the EWG has still never taken a position on which definition should be used (APEC Energy Working Group, 2011).
However, from the perspective of incentives to APEC economy policymakers, the measure of energy demand selected does matter. Using primary energy intensity calculated according to the IEA/Eurostat methodology, policymakers seeking to contribute to the APEC-wide energy intensity goal should avoid nuclear and geothermal generation. Using final energy intensity, they should not concern themselves with generation efficiency at all. Neither seems right to the author.
4.3. Lesson #3-Whether the GDP's of individual economies are converted to common currency using market exchange rates or purchasing power parity (PPP) can dramatically change the energy intensity improvement calculations Discussions within the EWG of APEC's energy intensity improvement goal took a surprising turn as the deadline approached for recommending a new goal in time for consideration at the APEC Economic Leaders' Meeting in Honolulu, Hawaii in November 2011. One EWG participant, who was skeptical of APEC's ability to meet a more ambitious energy intensity goal, cited a recent study of the ASEAN þ6 economies by the Economic Research Institute of ASEAN and East Asia (ERIA), which concluded that their energy intensity would improve in the 2005-2030 time period by only 9.9% under business-as-usual, and only 26.7% under an "Alternative Policy Scenario" (APS) incorporating additional goals and action plans (Kimura, 2010) .
The ASEAN þ6 economies are not the same as the APEC economies. However, 12 of the 21 APEC economies are also in the ASEAN þ6, so the results of this new study appeared to be difficult to reconcile with the results of other studies, discussed under Lesson #1 above, which suggested a much higher 2005-2030 business-as-usual improvement in energy intensity.
It turns out that the major explanation for the difference between the ERIA results and other model results lies in the way GDP's for each economy were converted to US dollars. ERIA used year 2000 market exchange rates (MER), while the other models and the historical results cited under Lesson #1 above used Purchasing Power Parity (PPP) rates with a 2005 base year. If the ERIA results are recalculated using PPP's, the results become consistent with those other models.
To see why this is the case, we have to look at the underlying data. Table 1 below shows the business-as-usual ERIA results economy-by-economy using their original year 2000 market exchange rates. The 2005-2030 primary energy intensity improvement would be 4.2% for the ASEAN þ6 economies that are also members of the APEC and 9.9% for all the ASEAN þ6 economies.
At first glance, the individual economy improvements in Table 1 appear to be broadly consistent with the results of the modeling work discussed under Lesson #1 above, especially considering the large projected improvements in energy intensity in the two largest energy-consuming economies, China and India. What seems odd are the total values for the APEC ASEAN þ6 economies and for the entire ASEAN þ6. For example, the 4.2% BAU case total improvement for the APEC ASEAN þ6 economies is smaller than the corresponding figure for every individual economy. How can this be?
The answer lies in the fact that there is a disconnect here between GDP and energy demand. It can be seen that more than 53% of the total 2005 GDP of the ASEAN þ6 is contributed by Japan. On the other hand, 48% of the total 2005 energy demand of the ASEAN þ6 is contributed by China. Between 2005 and 2030, Japan's economy is projected to grow slowly, while China's economy is projected to grow quickly. Hence, total ASEAN þ6 GDP growth tends to be pushed down by Japan, while total ASEAN þ6 energy demand tends to be pushed up by China. Since energy intensity is energy demand divided by GDP, this would explain why total primary energy intensity improvement for the ASEAN þ6 economies that are also members of APEC is a meager 4.2% and why total primary intensity improvement for all ASEAN þ6 economies is only 9.9%. Table 2 , GDP's are much better aligned with energy use, with China and other fast-growing economies making a much larger contribution to total GDP compared to Table 1 . As a result, total energy intensity improvement is much larger: 32.5% for the ASEAN þ6 economies that are also members of APEC and 37.2% for all ASEAN þ6 economies. A similar recalculation of ERIA's Alternative Policy Scenario (APS) would give a 2005-2030 primary energy intensity improvement of 44.3% for the ASEAN þ6 economies that are also members of APEC and 48.8% for all ASEAN þ6 economies. These results are generally consistent with the results of the other models discussed under Lesson #1.
Tables 1 and 2 demonstrate in a practical way why PPP is the superior approach for calculating aggregate energy intensity improvements across economies for use in policy analysis-as noted, the GDP's calculated using PPP are much more closely aligned with energy use than the GDP's calculated using exchange rates. But there are good theoretical reasons to favor PPP as well.
In fact, there has been much discussion in the literature on the merits of using PPP vs. exchange rates in multi-economy modeling (see Van Vuuren and Alfsen, 2006 , for a literature review). Much of this debate is well beyond the scope of this paper. Our concern here is simply with how to best aggregate the results of individual economy models to produce an aggregate energy intensity 11 World Bank (2008, pp. 23-28) . This publication did not provide PPP figures for Myanmar, so Myanmar's GDP values in Table 2 were left unchanged.
indicator, not how to build aggregated models of multiple economies. Nevertheless, the conclusions from the literature are relevant. And the conclusions seem generally to favor using PPP's when one wishes to compare income levels between economies.
For example, the IPCC's Fourth Assessment Report, Working Group 3: Mitigation of Climate Change (Fisher et al., 2007 Section 3.2.1.4) concluded that:
On the question of whether PPP or MER [market exchange rates] should be employed in economic scenarios, the general recommendations are to use PPP where practical. This is certainly necessary when comparisons of income levels across regions are of concern …. Nordhaus (2007, pp. 351-352) puts it in stronger terms:
The basic answer is clear: In principle, PPP measures are superior to MER measures for representing relative incomes and outputs …. It should be emphasized that the use of MER is not a fine technical detail. Incomes estimated at MER are fundamentally wrong ….
More precisely, Nordhaus argues (see his Fig. 3 ) that the best approach is to use PPP values to establish the GDPs of various countries for a single base year, then use national accounts growth rates of real GDP for each economy to extrapolate country data a Results were calculated from the primary energy and GDP figures given in Annex 1 to Kimura (2010) . In some cases, the figures differ slightly from the figures given in Table 5 of that report due to rounding errors. forward and backward in time. He calls this the "Superlative PPP" technique. This is the approach used here in Table 2 . A good short summary as to why PPP is superior is offered by Castles and Henderson (2005) . They argue that the PPP approach can be thought of as facilitating cross-economy comparisons of GDP in the much same manner that converting nominal GDP to real GDP facilitates time series comparisons of GDP for a single economy. In order to compare GDP over time, one must adjust for changes in price level over time. Similarly, to compare the 'real' GDPs of various economies, one must adjust for the differences in the price level between the economies, which is what PPP does.
Market exchange rates, on the other hand, have no necessary relationship to the 'real' value of an economy's GDP-that is, how much it will buy locally. The PPP approach ensures that if two economies have the same physical outputs, they will have the same GDP, whereas market exchange rates provide no such assurance. Since it is this real GDP that should drive to energy demand, it is clear why economy GDPs and energy demands are much more closely related in Table 2 than in Table 1 .
The fact that the market exchange rates used in Table 1 result in understatement of the GDP of China relative to Japan and to understate energy intensity improvement is probably a robust result. The "Harrod-Balassa-Samuelson effect" hypothesizes that GDPs calculated using market exchange rates will systematically understate the GDPs of low-income economies (Nordhaus, 2007; Suehiro, 2008) . The literature on the Harrod-Balassa-Samuelson effect is reviewed in Tica and Družić (2006) . To the extent that low-income economies tend to have the fastest growing GDPs, using market exchange rates to calculate energy intensities will tend to understate regional GDP growth and thus downward-bias projections of aggregate future energy intensity improvement.
A practical reason to favor energy intensities calculated using PPP values in policy analysis is that market exchange rates can fluctuate dramatically over time. Even if the exchange rate for a single base year is applied to all years, as in Table 1 , energy intensities based on market exchange rates will depend heavily on the base year selected. This will not be true of energy intensities based on PPP. PPP conversion rates for any two economies should, in principle, change over time only in response to changes in their relative levels of inflation, as measured by their GDP deflators. Of course, in the real world, there will always be some data inconsistencies, but these are generally small (see Nordhaus, 2007, p. 357 ).
An objection sometimes raised to using PPP rather than market exchange rates is that PPP's must be estimated based on surveys, whereas market exchange rates are always precisely known market values. While this is true, Nordhaus (2007) notes, "in this area it is better to be imprecisely right than precisely wrong".
For all these reasons, the EWG concluded that the PPP approach should be used (APEC Energy Working Group, 2011).
Conclusion
This paper has highlighted three significant lessons related to energy intensity calculations in the analysis of the APEC energy intensity improvement goal. These lessons may be of interest to anyone who is studying international trends in energy efficiency improvement, or who is seeking to define international indicators of energy efficiency improvement. The three lessons are as follows:
Lesson #1-Energy intensity improvement is happening surprisingly quickly, but not quickly enough to meet the world's energy challenges. Large reductions in energy intensity, on the order of 35-40%, can be expected between 2005 and 2030. However, because of expected rapid economic growth, these improvements in energy intensity will not stop the growth of energy demand, with its associated threats to the environment and the stability of the world economy. Lesson #2-It is difficult to find a definition of energy intensity that can make it suitable for use as an indicator of regional energy efficiency. Energy intensity, if calculated based on primary energy demand using the IEA/Eurostat methodology, will increase (get worse) if an economy uses more nuclear and geothermal electricity generation. Energy intensity, if calculated based on final energy demand, will not reflect improvements in electricity generation efficiency at all. Lesson #3-Whether the GDP's of individual economies are converted to common currency using market exchange rates or purchasing power parity (PPP) can dramatically change the energy intensity improvement calculations. The literature suggests that PPP is the more correct approach because it is the actual purchasing power of each GDP that will drive an economy's energy use. Energy intensity improvement for a group of economies will typically be downward biased if calculated using market exchange rates rather than purchasing power parities. Because of exchange rate fluctuations, energy intensities calculated using PPP's will also be less dependent on the base year selected than energy intensities calculated using market exchange rates.
Although the lessons discussed here relate specifically to the 21 APEC member economies, it may be hypothesized that similar lessons would apply to the entire world and to other regional groupings of economies. Further research is needed to verify this hypothesis.
